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Coherent population trapping (CPT) versus electromagnetically induced transparency
(EIT)
Sumanta Khan, Molahalli Panidhara Kumar, Vineet Bharti, and Vasant Natarajan
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We discuss the differences between two well-studied and related phenomena—coherent population
trapping (CPT) and electromagnetically induced transparency (EIT). Many differences between
the two—such as the effect of power in the beams, detuning of the beams from resonance, and the
use of vapor cells filled with buffer gas—are demonstrated experimentally. The experiments are
done using magnetic sublevels of the 1 → 1 transition in the D2 line of
87Rb.
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I. INTRODUCTION
The phenomenon of coherent population trapping
(CPT), reviewed by Arimondo in Ref. [1], and the phe-
nomenon of electromagnetically induced transparency
(EIT), reviewed in Refs. [2] and [3], are two sides of the
same coin. Both phenomena have been studied for a long
time in three-level systems—CPT in lambda type; and
EIT in all the three kinds namely lambda type, ladder
type, and vee type. The physics underlying the two phe-
nomena are related, but are also distinct in many ways.
The aim of this article is to highlight the differences be-
tween the two, partly to eliminate the confusion existing
in the literature. Some of this confusion arises due to the
use of the term EIT for what are really CPT processes.
CPT was first observed as a decrease in the fluores-
cence emission from Na atoms in a vapor cell [4]. It was
understood to arise from the fact that the atoms were be-
ing optically pumped into a dark non-absorbing state by
the excitation beams. Once pumped, atoms were trapped
in that state because there was no way to spontaneously
decay from there—hence the name coherent popula-
tion trapping.
The dark state was created by destructive interference
between excitation pathways from two stable levels to a
common excited level. The three levels form the required
Λ-type system, as shown in Fig. 1. It is customary to call
the laser driving the |1〉 ↔ |2〉 transition as the probe
laser, and the one driving the |2〉 ↔ |3〉 transition as
the control laser. Both transitions are electric-dipole
(E1) allowed transitions; and thus the transition |1〉 ↔
|3〉 is E1 forbidden. The detunings are labeled by ∆’s,
the powers by the respective Rabi frequencies Ω’s, and
the spontaneous decay rates by Γ’s. Γ21/2pi and Γ23/2pi
(i.e. for the E1 allowed transitions) are about 1–10 MHz,
while Γ31 for the forbidden transition is close to 0. In
reality, there is decoherence between the levels due to
inter-atomic collisions, collisions with walls, spontaneous
scattering through the upper level, etc. It is important
to note that the two lasers are required to be phase
coherent so that the dark superposition state can be
formed.
EIT works on a slightly different principle. The phe-
FIG. 1. (Color online) Three-level Λ-type system. The differ-
ent parameters are explained in the text.
nomenon is usually studied in the regime where the con-
trol laser is strong and the probe laser is weak, i.e.
Ωp ≪ Ωc. Under these conditions, the control laser
shifts the energy levels of the atom away from line center
through the AC Stark effect, which can also be under-
stood as the creation of new dressed states of the cou-
pled atom-photon system [5]. The shift is equal to the
Rabi frequency of the control laser. The absorption of
the probe laser splits into a classic Autler-Townes dou-
blet with a splitting equal to the control Rabi frequency,
and shows enhanced transparency at line center—a trans-
parency induced by the control laser. Hence the name
electromagnetically induced transparency. Quan-
tum interference also plays a role in EIT, but mainly
when the control Rabi frequency is of the order of the
excited-state linewidth. The resulting (destructive) in-
terference between the transition amplitudes from the
ground state to the control-induced dressed states is par-
ticularly important in lambda systems, as discussed in
Ref. [6]. The interference then leads to the probe ab-
sorption being identically zero at line center. Dressed-
state interference is not so important in vee and ladder
systems [7]. In addition, since the probe photon is not
involved in the interference, the probe beam in EIT ex-
periments can be (and is) generally derived from a phase
independent laser.
The above analysis shows that both EIT and CPT are
2two-photon processes, because the transitions involve two
different levels. However, in CPT both the probe and
control photons are equally important. By contrast, in
EIT the transparency is entirely created by the strong
control laser, while the weak probe laser only plays the
role of measuring this transparency. With these basic dif-
ferences in mind, let us now contrast the two phenomena
in terms of various experimental parameters.
1. Scan axis. An important difference between EIT
and CPT is the scan axis. In CPT, this is the
relative detuning between the two beams. If the
experiment is done using magnetic sublevels of a
degenerate transition, then the frequency differ-
ence between the two beams is only of the order
of few MHz. The required phase coherence can
then be achieved using an acoustic-optic modula-
tor (AOM), and the scan axis is the frequency of
the AOM driver.
The CPT phenomenon can also be used to access
the clock transition in alkali atoms like Rb and Cs.
In this case, the probe and control beams differ in
frequency by the ground hyperfine interval, which is
of order few GHz and hence too large to be achieved
with an AOM. Therefore, it is done in one of the
two following ways:
(i) Taking two independent lasers and beating
their outputs on a sufficiently fast photodiode,
as has been done in Ref. [8]. In this case, the
scan axis is the frequency of the beat signal.
(ii) Taking one laser and feeding its output
through an electro-optic modulator (EOM).
The EOM driver is set to half the clock fre-
quency because it produces two sidebands
spaced apart by twice the EOM frequency.
The scan axis is the frequency of the EOM
driver.
On the other hand, the scan axis in EIT is the
frequency of the phase-independent probe laser. If
the transition is in the optical regime, the frequency
is of order 1015 Hz, or 6 to 9 orders-of-magnitude
larger than that for CPT.
2. Subnatural resonance—the relevant natural
linewidth Γ. The discussion of the scan axis
brings us to the question of what defines whether
the feature is subnatural or not. In CPT experi-
ments, the scanning device is at the difference fre-
quency between the two lower levels. The rele-
vant natural linewidth is therefore the linewidth
of transition between these two levels, which as
mentioned before is close to zero because the tran-
sition is electric-dipole forbidden. The linewidth
of the upper level does not enter the picture. As
an example, we consider the observation of a res-
onance linewidth of 42 Hz for coherent dark res-
onances in a Cs vapor cell filled with buffer gas
[8]. The resonance is on the ground hyperfine split-
ting of 133Cs—the clock transition at 9.1 GHz used
in the SI definition of the second. The experi-
ments were done on the D2 line of Cs, but the
5 MHz linewidth of the upper state does not en-
ter the picture. Nowhere in the above work do the
authors call their resonance subnatural, because
it is well known that the natural linewidth of the
clock transition is well below 1 Hz. Similarly, the
phase-locked lasers used in the above study have
a linewidth of order 1 MHz. This does not pre-
vent them from seeing a 42 Hz feature because they
are looking for a beat signal between two phase-
coherent lasers, which can be much narrower than
the linewidth of the laser. This shows that the CPT
phenomenon can be used for precision spectroscopy
on the ground levels [9].
On the other hand, we have shown that the narrow
features of EIT are really subnatural and can be
used for high-resolution spectroscopy of the upper
level [10]. This is because the scan axis is the op-
tical frequency of the probe laser, and the relevant
natural linewidth is the linewidth of the upper level.
In the case of the Rb D2 line used in that work, the
upper level had a linewidth of 6 MHz. Therefore,
any feature that is narrower than 6 MHz would be
called subnatural. The narrowest feature that we
have reported is 0.85 MHz or Γ/7 [11]. This cor-
responds to a Q of 4.5× 108, which is better than
the Q of 2.2× 108 for the CPT experiment on the
Cs clock transition in Ref. [8].
3. Fluorescence versus absorption. One impor-
tant consequence of the fact that CPT results from
the creation of a dark state is that there is a
concomitant decrease in the fluorescence from the
cell—it becomes dark. Recall that the first obser-
vation of CPT was the appearance of a dark region
in the fluorescence from a Na vapor cell [4]. In
that study, an inhomogeneous magnetic field was
applied along the axis of the cell, so that the dark
state was created only in a small region. As a result,
the CPT phenomenon was seen as a dark line in a
bright cell. By contrast, in EIT, the strong control
laser is always being absorbed (and atoms are fluo-
rescing), and the induced transparency is seen only
in the absorption signal of the weak probe laser.
Therefore, at least to first order, there is no change
in the fluorescence whether the probe laser is on or
off.
4. Effect of buffer gas. Because CPT is a ground-
state coherence phenomenon, any technique that
increases the coherence time will give a narrower
linewidth. One of the most common methods is to
use a buffer gas in the vapor cell—typically a few
torrs of a gas like Ne or N2. For example, the CPT
experiment on the clock transition in Ref. [8] was
done in a Cs vapor cell filled with N2 buffer gas.
3On the other hand, the use of such cells for EIT
experiments actually kills the signal, because the
buffer gas considerably broadens the normal probe
absorption signal due to collisions and swamps any
modification due to the control.
5. Power in the two beams. As mentioned before,
both beams play an equally important role in CPT,
while EIT is studied in the regime where the control
is strong and the probe is weak. This leads to an
important difference—there is not much point in in-
creasing the control power beyond the probe power
in CPT. The role of control power is to increase
the linewidth due to increased decoherence through
the upper level—power broadening—which in-
creases the spontaneous scattering rate, and the
narrowest feature is obtained when the two pow-
ers are equal.
6. Effect of detuning. The upper level in CPT
causes decoherence (and hence broadens the res-
onance) by inducing real transitions from the lower
levels. This transition rate (and hence linewidth)
can be reduced by detuning from the level. But
the reduced transition probability also results in
a smaller signal strength and signal-to-noise ratio
(SNR). Note that the CPT resonance still occurs
at the same relative detuning between the two
beams, which is the point at which the two-photon
Raman resonance condition is satisfied. On the
other hand, detuning the control laser from the
upper level in EIT causes the resonance to shift
within the absorption profile of the probe laser.
The resonance again appears where the probe de-
tuning matches the control detuning, but the de-
tuned lineshape is very different.
Many of the above points will be validated below through
experiments on the D2 line of
87Rb.
II. EXPERIMENTAL DETAILS
The relevant energy levels of the 87Rb D2 line (5S1/2 →
5P3/2 transition) at 780 nm used for the EIT and CPT
experiments are shown in Fig. 2.
The required Λ-type system is formed using magnetic
sublevels of the 1→ 1 transition along with opposite cir-
cular polarizations for the control and probe beams. The
natural linewidth of the upper state is 6 MHz, and the
saturation intensity—the intensity at which the transi-
tion gets power broadened by a factor of
√
2 —is given
by (page 209 of Ref. [12])
Is =
pihc
3λ3τ
where λ = 780 nm is the wavelength of the transition
and τ = 26.25 ns is the lifetime of the excited state [13].
The value for this level is 1.67 mW/cm2. The resultant
FIG. 2. (Color online) Low-lying energy levels of the D2 line
of 87Rb used in the experiment. The F value of each level is
indicated.
FIG. 3. (Color online) Magnetic sublevels of the 1 → 1 tran-
sition used in the experiment. The beams get detuned in the
presence of a magnetic field, as shown on the right.
scheme is shown in Fig. 3. The figure also shows that
applying a magnetic field is equivalent to detuning the
beams from resonance. Thus, the effect of detuning can
be studied by applying a magnetic field.
The experimental setup for the CPT experiment is
shown schematically in Fig. 4(a). The required phase
coherence for the control and probe beams is obtained
by deriving both beams from a single laser, and using
AOMs to produce the required frequency shift. The laser
consists of a grating stabilized diode laser system, as de-
scribed in Ref. [14]. The linewidth of the laser after sta-
bilization is 1 MHz. The output beam is elliptic, and
has a size of 3 mm × 4 mm. Since magnetic sublevels
are used, the two beams are required to be at the same
frequency when no field is present. This is achieved by
using two AOMs in the path of the control beam—one
AOM with a downshift of 180 MHz, and the other com-
pensating for this shift by having a double-passed upshift
of 90 MHz. The double passing ensures that the direc-
tion of the beam does not change when it is scanned. The
4(a)
(b)
FIG. 4. (Color online) Experimental schematic for CPT and
EIT experiments. Figure key: λ/2 – half wave retardation
plate; PBS – polarizing beam splitter cube; λ/4 – quarter
wave retardation plate; AOM – acousto-optic modulator; PD
– photodiode. (a) The required phase coherence for CPT
experiments is achieved by deriving both beams from a sin-
gle laser. The probe beam is locked while the control beam
is scanned by scanning the frequency of the double-passed
AOM. (b) EIT experiments with independent control and
probe lasers. In this case, the probe beam is scanned while
the control beam is locked.
frequency of the AOMs is set using function generators.
The power in the beams is controlled using λ/2 wave-
plates in front of respective PBSs. The two beams have
orthogonal linear polarizations, and are mixed using a
PBS. Their polarizations are changed to circular using a
λ/4 waveplate in front of the vapor cell. The vapor cell is
cylindrical with dimensions of 25 mm diameter × 50 mm
length. The cell is inside a three-layer magnetic shield
that reduces stray fields to < 1 mG. Two kinds of cells
are used—one that is pure and contains both isotopes
in the natural abundances, and the second that contains
only 87Rb with 20 torr of Ne as buffer gas.
The laser is locked to the 1 → 1 transition using
the saturated absorption spectroscopy (SAS) signal from
another vapor cell. This ensures that the (unshifted)
probe beam is locked to the mF = −1 → mF = 0
transition. The control beam is scanned around the
mF = +1 → mF = 0 transition by scanning the fre-
quency of the double-passed AOM. The polarizations af-
ter the cell are made linear using a second λ/4 wave-
plate, and the beams are separated using another PBS.
The probe beam alone is detected using a photodiode—
therefore, the photodiode signal is proportional to probe
transmission. Since the SAS signal used for locking cor-
responds to absorption by zero-velocity atoms, detecting
the non-scanning probe beam allows us to have a flat
Doppler-free background for the CPT signal.
The schematic for the EIT experiments is shown in
Fig. 4(b). This is essentially the same as that used in the
CPT experiments, except that the two beams are derived
from independent laser systems. In this case, the control
laser is locked to the 1 → 1 transition using an SAS
signal, which ensures that the control beam is resonant
with the mF = +1 → mF = 0 transition. The probe
laser is scanned around the same 1 → 1 transition by
varying the angle of the grating, which means that the
EIT spectrum appears on a Doppler pedestal.
The absorption through a normal vapor cell is about
5%. Therefore, the photodiode signal is multiplied suit-
ably to get this degree of absorption off resonance. The
absorption through a buffer-gas filled cell is about a fac-
tor of 2 lower. Hence the photodiode signal is multiplied
by a suitably smaller number.
III. RESULTS AND DISCUSSION
A. Saturated absorption spectroscopy (SAS)
As mentioned above, laser locking to the relevant hy-
perfine transition was done using an SAS signal. The
SAS spectrometer consists of a low-power probe beam
(∼ 20 µW), whose absorption is saturated by a strong
pump beam (∼ 2 mW) which is counter-propagating with
respect to the probe. Probe transmission then shows
Doppler-free peaks at the location of various hyperfine
transitions (page 309 of Ref. [12]). This is because only
zero-velocity atoms are resonant with both beams.
In order to make the spectrum appear on a flat back-
ground, the signal from a second identical probe beam
is subtracted from the main one. The resulting spectra
for both kinds of cells are shown in Fig. 5. The spec-
trum obtained in a pure cell shows six peaks—three cor-
responding to real hyperfine transitions, and three spu-
rious “crossover” resonances. The crossover resonances
appear exactly halfway between two real peaks, and oc-
cur because of interaction with non-zero-velocity atoms
in the vapor cell.
The spectrum obtained in a buffer cell, taken under
identical conditions, shows a complete lack of any peaks.
This shows unequivocally that such a cell cannot be used
for EIT experiments. However, as we will see later, they
are quite useful for CPT experiments, because collisions
with a buffer gas increase the coherence time and result
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FIG. 5. (Color online) Doppler subtracted SAS signals for
1 → Fe transitions obtained in the two kinds of cells.
in a significant reduction of the linewidth.
B. CPT and EIT in a pure cell
The CPT resonance obtained in a pure cell as a func-
tion of the relative (Raman) detuning between the beams
is shown in Fig. 6. The probe transmission signal shows
a peak when the detuning is zero—the point at which
the dark state is formed. The linewidth of the reso-
nance is 15 kHz, which is not subnatural because the
natural linewidth between the lower levels is close to 0.
The observed linewidth is actually determined by non-
radiative decoherence processes—such as background col-
lisions, spontaneous scattering through the upper level,
and transit time across the beams. The 1 MHz linewidth
of the laser does not prevent the observation of such
a narrow linewidth because the path length difference
between the probe and control beams when they reach
the atoms is negligible; certainly orders-of-magnitude less
than the coherence length of the laser. The signal level
away from resonance (background level) is flat, which is
because the probe beam is locked and hence only ad-
dresses zero-velocity atoms.
The EIT resonance as a function of probe detuning
is shown in Fig. 7. The resonance also appears as a
peak in the probe transmission spectrum, but there are
important differences from the CPT case. First, the
linewidth is 3.9 MHz, which is subnatural given the 6
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FIG. 6. (Color online) CPT resonance obtained in a pure cell.
The background level is flat.
100
98
96
94
Pr
ob
e 
tra
ns
m
iss
io
n 
(%
)
−30 −15 0 15 30
Probe detuning (MHz)
→         ←  3.9 MHz
EIT - pure
FIG. 7. (Color online) EIT resonance obtained in a pure cell.
The background level is curved because of the Doppler effect.
MHz linewidth of the excited state. Secondly, the back-
ground level away from resonance has a Doppler profile
because the probe beam is being scanned.
C. Effect of control power
In CPT experiments, the control beam causes decoher-
ence through the upper level by increasing the scattering
rate. The scattering rate is given by
R =
Γ
2
I/Is
1 + I/Is
(1)
The above equation shows that the scattering rate in-
creases initially and then reaches a saturation value as the
intensity is increased. Therefore, the linewidth will show
a similar behavior and reach a saturation value when the
control intensity is high.
The results are shown in Fig. 8(a). The solid line is
the fit to Eq. (1), and shows that the measured data
follows the expected behavior. However, the saturation
intensity obtained from the fit is about 0.5 mW/cm2,
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FIG. 8. (Color online) Effect of control intensity on the
linewidth of the resonance. The power is converted to an
average intensity by dividing the maximum intensity at the
center of the beam by 2. (a) For CPT resonances, showing
increase in linewidth due to increased decoherence through
the upper level. The solid line is a fit to the scattering-rate
expression in Eq. (1). (b) For EIT resonances, showing in-
crease in linewidth due to power broadening. The solid line
is a fit to the power-broadening expression in Eq. (2).
which neither corresponds to that of the upper state nor
to that determined by the decoherence rate between the
lower levels, but is some combination of the two.
On the other hand, the strong control beam in
EIT experiments causes power broadening of the upper
level. For a control intensity of I, the power-broadened
linewidth is given by
Γ = Γ◦
√
1 +
I
Is
(2)
where Γ◦ is the natural linewidth and Is is the saturation
intensity for the transition. Thus, as the control power
increased, the linewidth of the upper level, and conse-
quently the linewidth of the EIT resonance, increases.
These results are shown in Fig. 8(b). The solid line
is a fit to the above equation, which yields a value of
Is = 1.59(2) mW/cm
2. This value is close to the 1.67
mW/cm2 saturation intensity of the upper state, which
is as expected because the dressed states created by the
control laser involve the upper state.
D. Effect of detuning
As seen from the magnetic sublevel structure shown in
Fig. 3, the two beams get detuned in the presence of a
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FIG. 9. (Color online) Effect of detuning on CPT resonances.
The linewidth decreases because of reduced scattering from
the upper level. The solid line is a fit to Eq. (3), which gives
the scattering rate in the presence of detuning.
magnetic field.
For CPT, the scattering rate given by Eq. (1) in the
presence of detuning δ changes to
Rδ =
Γ
2
I/Is
1 + I/Is + 4δ2/Γ2
(3)
This shows that the scattering rate decreases as the de-
tuning is increased—hence, the linewidth of the CPT res-
onance will also decrease. The results are shown in Fig.
9. The solid line, which is a fit to the above equation,
shows that the reduced scattering rate describes the data
well.
On the other hand, the lineshape of the detuned
EIT resonance becomes asymmetric and non-Lorentzian.
This is because the detuned EIT resonance moves inside
the absorption profile. The lineshape of the resonance,
shown in Fig. 10, confirm this explanation. It is incorrect
to define a linewidth for the asymmetric lineshape, and
hence it is not done.
E. Effect of buffer gas
The presence of a buffer gas in the vapor cell results in
an increase in the coherence time of the lower levels. This
is advantageous for CPT experiments because it results
in a narrower linewidth. But, as mentioned before, such
cells give no EIT signal. Therefore, only CPT results are
shown in Fig. 11. The linewidth of the CPT resonance
decreases from 15 kHz in a pure cell to 8 kHz in a buffer
cell. As mentioned before, the absorption through such
a cell off resonance is about 3%. Hence the photodiode
signal is adjusted to reflect this.
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FIG. 10. (Color online) EIT resonance in the presence of
detuning, achieved with a magnetic field of 1 G corresponding
to a level shift of 0.7 MHz. The lineshape of the resonance is
highly asymmetric.
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FIG. 11. (Color online) CPT resonance in a buffer-gas filled
cell. The features are the same as that obtained in a pure
cell, except that the linewidth is reduced by a factor of 2.
F. Fluorescence detection
We have verified that CPT resonances can be seen in
the fluorescence signal from the cell, while EIT is not.
But the detection (with a photomultiplier tube) is com-
plicated by the fact that the cell is inside a multilayer
magnetic shield. In addition, the powers in the beams
have to be increased to get a good signal, which results
in a large increase in the resonance linewidth. Hence the
curve is not shown.
G. Bright state
Just like two phase-coherent beams can put the atom
in a dark state, a similar arrangement can be used to
create a bright state. The result is enhanced absorption
at line center, exactly opposite to the reduced absorp-
tion seen in CPT. The first observation of this was in the
closed Fg = 3 → Fe = 4 transition in 85Rb [15]. The
authors called the phenomenon electromagnetically in-
duced absorption (EIA)—to highlight the fact that there
was enhanced absorption on resonance. However, we feel
that a more appropriate term would be CBS—standing
for coherent-trapping in a bright state—while the term
EIA should be reserved for enhanced absorption of a weak
probe laser in the presence of two or more strong control
beams in multilevel systems, as demonstrated by us in
Refs. [16, 17] and others in Refs. [18, 19].
The conditions for observing CBS on a Fg → Fe tran-
sition are:
(i) It is a closed transition.
(ii) Fe = Fg + 1.
(iii) Fg 6= 0, so that there are multiple magnetic sub-
levels in the ground state.
All these conditions are met for the 2 → 3 transition in
87Rb. A detailed study of CBS results will be presented
in a future publication.
IV. THEORETICAL ANALYSIS
The experimentally observed line shapes for both CPT
and EIT can be obtained from a density matrix analysis
of the three-level lambda system. In terms of the various
density matrix elements, the time evolution is given by
the following set of equations:
ρ˙11 = −Γ11ρ11 + Γ21ρ22 + i
2
(
Ω∗pρ12 − Ωpρ21
)
ρ˙22 = −Γ22ρ22 + i
2
(
Ωpρ21 − Ω∗pρ12
)
+
i
2
(Ωcρ23 − Ω∗cρ32)
ρ˙33 = −Γ33ρ33 + Γ23ρ22 + i
2
(Ω∗cρ32 − Ωcρ23)
ρ˙12 =
(
−Γ11 + Γ22
2
+ i∆p
)
ρ12
+
i
2
Ωp (ρ11 − ρ22) + i
2
Ωcρ13
ρ˙13 =
(
−Γ11 + Γ33
2
+ i(∆p −∆c)
)
ρ13
+
i
2
(Ω∗cρ12 − Ωpρ23)
ρ˙23 =
(
−Γ22 + Γ33
2
− i∆c
)
ρ23
+
i
2
Ω∗c (ρ22 − ρ33)−
i
2
Ω∗pρ13
(4)
There are only 6 equations for the 9 elements because
the off-diagonal elements are complex conjugates of each
other. The equations are solved in steady state, i.e. ρ˙ = 0.
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FIG. 12. (Color online) Calculated spectrum for the CPT
resonance. The upper state occupation, given by ρ22, is shown
as a function of Raman detuning between the two beams.
Both beams are taken to have equal powers of 0.04 Γ22. The
occupancy reduces significantly when the dark state is formed.
Parameters corresponding to the experimental situation
are: Γ11/2pi = 1 kHz, Γ22/2pi = 6 MHz, Γ33/2pi = 1 kHz,
Γ21/2pi = 3 MHz, and Γ23/2pi = 3 MHz.
For CPT, the quantity of interest is the upper state
occupation, given by ρ22. The above equations are solved
numerically, so that all orders of Rabi frequency are taken
into account. The spectrum is Doppler averaged over the
Maxwell-Boltzmann velocity distribution corresponding
to room temperature vapor.
The experimental CPT spectrum in Fig. 6 is obtained
with equal control and probe powers of 30 µW, which
corresponds to a maximum intensity at the center of the
Gaussian beam(s) of 0.64 mW/cm2. This is reduced by
a factor of 10 so that the spectrum does not change sig-
nificantly when the upper state linewidth Γ22 is changed,
which is required because the dark state does not involve
the upper state. The other thing needed in the calcu-
lation is the decoherence rate between the lower levels.
This is taken to be 1 kHz, adjusted so that the theo-
retical linewidth is comparable to the experimental one.
This value is reasonable for the wall-collision rate in our
cell. The resulting spectrum calculated with above pa-
rameters is shown in Fig. 12.
For EIT, the absorption of the probe beam is de-
termined by the imaginary part of the coherence be-
tween levels |1〉 and |2〉, and is therefore given by
Im{ρ12Γ22/Ωp}. Since EIT is studied in the weak probe
regime, the density matrix equations are solved to first
order in the probe Rabi frequency. The steady state so-
lution is given by:
ρ12 =
iΩp/2
Γ22
2
− i∆p + i|Ωc|
2/4
(∆p −∆c)
(5)
For the experimental spectrum shown in Fig. 7, the
control power is 10 mW. This gives a maximum intensity
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FIG. 13. (Color online) Calculated spectrum for the EIT res-
onance. Probe absorption, given by Im{ρ12Γ22/Ωp}, is plot-
ted as a function of probe detuning. The calculation is with
Ωc = 5.7 Γ22 and Ωp = 0.05 Γ22. The inset shows the re-
sult without Doppler averaging, which gives an Autler-Townes
doublet separated by Ωc.
at the center of the Gaussian beam of 212.3 mW/cm2.
Taking 50% of this value as the average intensity over the
entire beam, we get an intensity of 106.1 mW/cm2. This
corresponds to a Rabi frequency of Ωc = 5.7 Γ22. The
resulting spectrum calculated with value of Ωc is shown
in Fig. 13.
There are two things to note about the calculated spec-
trum:
(i) The Doppler averaging results in significant
linewidth reduction, as demonstrated by us in Ref.
[11]. In fact, for this value of Rabi frequency,
the Autler-Townes doublet peaks are separated by
5.7 Γ22, which results in an EIT resonance that is
neither subnatural nor Lorentzian. This is evident
from the inset shown in the figure.
(ii) The observed spectrum is a convolution of the EIT
spectrum with the linewidth of the probe laser. This
means that 1 MHz should be added to the calculated
linewidth, since this is not accounted for in the cal-
culation. With this correction, the theoretical and
experimental linewidths agree quite well.
V. CONCLUSIONS
To conclude, we have highlighted the differences be-
tween the related phenomena of coherent population
trapping, which requires two phase-coherent beams of
roughly equal power, and electromagnetically induced
transparency, which requires independent lasers with
large power in the control beam and negligible power in
the probe beam.
The literature is full of cases where the term EIT is
used for experiments that are of the CPT kind. Perhaps
this is because of the pizazz associated with the phrase
9EIT. But an immediate clue as to the kind of experiment
can be had from the number of lasers used—one laser
implies CPT while two lasers imply EIT. The two phase-
coherent beams from the same laser required for CPT
are then produced by modulation, either acousto-optic
or electro-optic. CPT experiments gain from the use of
vapor cells filled with buffer gas because this increases
the ground-state coherence time and hence narrows the
linewidth of the resonance, whereas EIT cannot be seen
in such a cell. Under the right conditions, the control
laser in EIT leads to subnatural resonances for probe
absorption. We have recently shown that the use of a
control beam with a Laguerre-Gaussian profile—instead
of the usual Gaussian—leads to a further narrowing with
an unprecedented linewidth of Γ/20 being obtained [20].
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